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In this research contribution, the electronically tunable first-order universal 
filter employing a single voltage differencing differential input buffered 
amplifier (VD-DIBA) (constructed from two commercially available 
integrated circuit (IC): the operational transconductance amplifier, IC 
number LT1228, and the differential voltage input buffer, IC number 
AD830), one capacitor and two resistors. The features of the designed first 
order universal filter are as follows. Three voltage-mode first-order 
functions, low-pass (LP), all-pass (AP) and high-pass (HP) responses are 
given. The natural frequency (Wo) of the presented configuration can be 
electronically adjusted by setting the DC bias current. Moreover, the voltage 
gain of the LP and HP filters can be controllable. The phase responses of an 
AP configuration can be varied from 0? to —180? and 180? to 0?. The 
power supply voltages were set at +5 V. Verification of the theoretically 
described performances of the introduced electronically tunable universal 
filter was proved by the PSpice simulation and experiment. 
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1. INTRODUCTION 

The filters are very useful and widely used in electronics, instrumentation, and communication 
systems especially in signal and image processing systems [1]. Filter can be categorized by its different types 
of filters such as, passive filter and active filter. The realization of analog active filters employing the active 
building block in which one of the most popular active filters is single-input multiple-output (SIMO) filtering 
configuration [2] or multiple-input single-output (MISO) filtering configuration [3]. The components of 
actives filter can be minimized by employing a single active building blocks that can be designed in both 
voltage-mode and current-mode configurations. 

As stated above, the universal active filters give many advantages. So, there are many active filters 
that have been realized, implemented, and demonstrated. These active filters emphasis on employing the 
active building block which exhibit many advantages such as their cut-off frequency tuning, several filter 
functions, cascadability, low-voltage (LV), and low-power (LP) [4]-[6]. The first-order universal filter is a 
very interesting circuit in design. The universal first-order filter using electronically controllable active 
elements, namely operational transconductance amplifiers (OTA) is proposed in [7], [8]. The proposed filter 
in [7], consists of two OTAs and two passive elements (one resistor and one capacitor). In study [8], it 
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comprises two OTAs as active elements with four resistors and one capacitor. The current mode first order 
filtering configuration employing the second-generation current conveyor (CCID is presented in [9], [10]. In 
study [9], it consists of two CCIIs, four resistors, and one capacitor. The first order filter in [9] was also 
modified to reduce two resistors by employing second generation current controlled current conveyors 
(CCCIIs). In [10], the single CCH based first-order allpass section is introduced. This first order 
configuration is very simple, but the filtering parameter cannot be electronically adjusted. The first order 
filter employing the differential voltage current conveyor (DVCC) is proposed in [11]-[13]. In studies [11], 
[12], authors consist of single DVCC and passive devices. In [13], this filter is constructed from two DVCCs, 
single grounded capacitor and single resistor. However, the filtering parameters of theses first order universal 
filter [11]-[13] are not electronically tuned. The DDCC is employed to design the first order allpass filter 

[14]. This filter is very simple consisting of one DDCC, one resistor and grounded capacitor, but the cut-off 
frequency and adjustment of phase response is not electronically controlled. In [15], it consists of one 
differential difference current conveyor transconductance amplifier (DDCCTA) and one capacitor. In this 
filtering circuit, the cut-off frequency and phase response [15] are electronically tuned, but the voltage output 
node is not low impedance. The fully differential current conveyor (FDCCII) [16] is used to design the first 
order filter in [16]. It consists of single FDCCIL, one grounded resistor and one grounded capacitor. However, 
the filtering parameters of theses first order filter [16] are not electronically tuned. The voltage differencing 
transconductance amplifier (VDTA) is employed to design the first order in [17]. This circuit is constructed 
from a single VDTA and a capacitor, but its voltage output node is not low impedance. Additionally, the 
performances of the proposed filters in [7]-[17] are not verified experimentally. 

According to the benefit of using an active building block to design the circuit, the voltage 
differencing differential input buffered amplifier (VD-DIBA) [18] is introduced as a versatile active device. 
It has interesting applications with neat features, especially electronic controllability, high input voltage 
terminal, low output voltage terminal, and high output current terminal. VD-DIBA can be used to realize 
high-performance analog circuits [19]-[23]. 

The purpose of this contribution is to realize the first-order universal filter using a single VD-DIBA, 
one capacitor, and two capacitors. The VD-DIBA is implemented from two commercial integrated circuit 
(ICs): the operational transconductance amplifier, IC number LT1228, and the differential-input buffer, IC 
number AD830. The proposed circuit can provide three filtering voltage-mode functions: LP, HP, and AP 
responses. Verification of the described functionality of the presented filter is illustrated by PSpice 
simulation and experiment. 


2. PRINCIPLE OF OPERATION 

There are three sub-sections that will be described in this section which are the ideal characteristics 
of the active element, VD-DIBA, detail of proposed filter, and non-ideal study of the presented first-order 
filter. 


2.1. VD-DIBA overview 

The detail of the ideal VD-DIBA will be provided in this sub-section. The VD-DIBA has five input 
and output terminal with a low impedance at the w output voltage terminal, a high impedance at the Z 
output current terminal and high impedance at thev,, v_, and v input voltage terminals. The 
transconductance (gm) at z terminal can be electronically tuned by the bias current. The different voltage at z 
and v terminal is transfered to the w terminal with unity gain. The electrical circuit representation of VD- 
DIBA is illustrated in Figure 1(a) and the equivalent diagram of VD-DIBA is depicted in Figure 1(b). The 
behavior of the voltage and the current at the input and output ports of VD-DIBA are given by (1). 


ly, 0 0 0 O0 Qm 
ly. 0 0 0 0 oļu 
L —|gm “Im 0 0 0 V 
ly 0 0 0 0 oj% 
V, 0 0 1 -1 Olli, (1) 


2.2. The proposed voltage-mode first order filter using single VD-DIBA 

To design the proposed filter in this paper, the VD-DIBA is employed as an active building block. 
This design has emphasized the use of single VD-DIBA to achieve the LP, HP, and AP first-order filtering 
functions with electronic control of the filtering parameters, natural frequency, and phase response. With 
these specifications, the design of the proposed universal first-order filer is achieved in Figure 2. It is 
constructed from a single VD-DIBA, one capacitor, and two resistors with three input voltage nodes, Vin, 
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Vino, Vin3 and single output voltage node Vo. The output voltage node is at the w terminal which exhibits low 
impedance. With this configuration, the proposed first-order filter can be cascaded to other circuits without 
the need for an additional voltage buffer. Based on the ideal properties of VD-DIBA mentioned in 
section 2.1, the output voltage, Vo is obtained Figure 2. 


I 
Vo—- y I 
VD-DIBA | w—'—-oV 
I w 
V, o— V, - 


"m 
SS A 
o«w——_ 
~N 


Figure 1. The VD-DIBA on (a) electrical circuit symbol and (b) equivalent circuit 


Vic V. 


VD-DIBA 


Vn No V. 


Figure 2. The proposed first order filter using single VD-DIBA 


ps (sC + Im)Ving = kgmVini = ksC Vinz 
d SC t Jm (2) 


Considering, the output voltage shown in (2), the transfer function in voltage-mode system for first order 

filtering LP and HP responses can be selected as follow: 

— When Vini = Vin and Vinz = Ving = 0 (grounded), the transfer function in voltage-mode form of LP 
response can be expressed in (3), 


Vo —kgm 


Vn SC m (3) 
— When Vinz = Vin and Vini = Ving = 0, the transfer function in voltage-mode form of HP can be expressed 
in (4) 
Vo —ksC 
Va SC t n (4) 


when k — = + 1. It is found that the voltage gain of the proposed filter for LP and HP filters can be 


controllable. 
Considering, the output voltage shown in (2), if Ri=R2 (k=2), the transfer function in voltage-mode 
form for first order filtering AP responses can be selected as follow: 
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— When V,, -V,, = V, and V,, =0 the voltage transfer function of APy can be expressed in (5). 


Vo _ (e F 2 
Vin — Min +s (5) 


— When Ving = Vinz = Vin and Ving = 0 the transfer function in voltage-mode form of AP» can be 
expressed in (6). 


Vo _ (2 — sC ) 
Vin Im + SC (6) 

It is found from (5) and (6) that the voltage gain of the proposed filter for AP responses is a unity 
gain. The phase response of the LP and the HP can be expressed in (7) and (8), respectively. 


wC 
Op = 180 = tan 1 (—) 
Im (7) 


Oyp = tan! (=) — 180 8) 


The phase response of the LP in (7) can be varied from 180° to 0°, and in (8) the phase response of the HP 
can be varied from —90° to —180°. The phase responses of the all-pass functions can be expressed as (9), 


0 2tan | (5) 
= — an — 
i Im (9) 


and 


wC 
Oapp = 180 — 2 tan™t (—) 
Im (10) 


The phase response of APw in (9) can be varied from 0° to —180?, and in (10) the phase response of 
APp can be varied from 180° to 0°. Moreover, the phase responses can be electronically controlled by 
adjusting only a single bias current. Additionally, the proposed filer can realize three first-order responses 
which are LP HP and AP functions in the same configuration. The voltage mode transfer functions in (4)-(6) 
reveal that the natural frequency of the filter is shown in (11). 


_ Im 
PE oad (11) 


From (11), the natural frequency is electronically controllable. 


2.3. Effect of VD-DIBA non-ideal properties 

The analysis of the effect of non-idealities of VD-DIBA to filtering performances will be shown in 
this section. These effects include the tracking error gains and parasitic elements. First analysis will be 
focused on the voltage tracking error gains in VD-DIBA. The VD-DIBA properties with voltage tracking 
error gains are given in (12). 


ly, 0 0 0 0 Q% 
ds 0 0 0 0 Ol||V 
l, |=|Im Im 0 0 OY 
L, 0 0 0 0 oly 
Vw 0 0 Bz —By 01LI,, (12) 


Where f; and p, are the voltage tracking error gains from z and v terminals to w terminal. Considering these 
tracking error gains, the output voltage of the electronically controllable first order filter in Figure 2 is given 
as in (13). 


The voltage-mode first order universal filter using ... (Danupat Duangmalai) 


1312 O ISSN: 2088-8708 


yore (sC T Jm)Pv Vins = KGmB2Vin1 = KsCB2Ving 
° SCBy + gy, (13) 


From (13), the non-ideal magnitudes with the voltage tracking error gains for each transfer functions in 
voltage-mode form are obtained as (14), (15), and (16), 


peeo PUE 
Bo)? | (BC Y 
f «G5 J 
LE B 
By pe Dom i 
ie V 8,95)? + (B,wC)? as 
and 
ios Jos. zm B,k)). + (BoC)? 
APp | = 


V (Bv9m)? + (By C)? (17) 


The phase responses with the voltage tracking error gains for the all-pass function can be obtained as (18), 
(19), 


w(B,C — p,2C wC 
Oapy = 180 — E A a E t — 


Budm Im (18) 

oC. wC 

0,p,' = 180 — tan™! —— = — tan™t — 
d m Bs 2 2p,) Im (19) 


Second analysis will be focused on the parasitic elements in VD-DIBA. The representation of the proposed 
electronically controllable first order universal filter with parasitic effect is depicted in Figure 3. 


VD- DIBA R 


C 
wek , Meo V, 


d — x 1 i 


ar = V, 


n3 


Figure 3. The VD-DIBA model with parasitic impedances 


Considering in Figure 3, the admittances Y1 and Y2 are as (20): 
Y =s(€, + C_)+G,4+G_ (20) 
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Y, = sC, + G, (21) 


Considering the effect of the parasitic impedance, the output voltage can be expressed as (22), 


y*- | V3R; | Vz(¥2R,R2 + Ry + R2) ( R2 ) 
° — IY RIR, +R, Y RR, + R, R, + Rọ (22) 


If the operational frequency fop < = (Y; = 0) and Cy = (C + C, + C-), gm, = (gm + Gz + G_), the 


2TRyCy 


output voltage in (22) is modified to (23), 


te V3(sCu + Gmy) — VaksC — a R; ) 
à SCu E Dus Rz + Rw (23) 


From (23), the non-ideal magnitudes with the parasitic effects for each voltage transfer functions are given by 
(24), (25), and (26), 


IT," = Ik] ( R2 
BE E R, +R 
(uF 4 (ei) SEN 
Im Im (24) 
RK |k| R 
ae |= (s nr. ) 
e x (Zn 2 w 
C wCy 
(25) 
2 
" Come) *te(C,—2C) , m, 
p s (as) 
(Imu) + (wCu)? (26) 
and 
2 2 
(Imu ~ 295) + (o Cy) R3 
T RK = 
p (x 2») 


RICO: (27) 


The phase responses with parasitic effects for each filtering functions can be expressed as (28), (29), 
and (30), 


wC 
O,p = 180 — tan™t (=) 


mm (28) 
Im 
Oye” — tant (=) — 180 
HP ail Cy ae (29) 
«(Cy — 2C wC 
bary = —tan | Aa = ) — tan! —4 
Jmm Imu (30) 
and 
wC wC 
Oapp = 180 — tan“! _—_—" -tant —™ 
(Imu = 29m) Imm (31) 
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3. SIMULATION AND EXPERIMENTAL RESULTS 

In this section, the Pspice program and experiment were used to evaluate the functionality of the 
presented voltage-mod first-order universal filter. The VD-DIBA used in the proposed circuit was 
constructed from two commercial ICs as shown in Figure 4. It comprises two basic blocks: the OTA IC 
number LT1228 [24], and the differential-input buffer, IC number AD830 [25] as the output stage. The 
following parameters were used: the resistor R4 = R} = 1 kN, the capacitor C = 1 nF, the transconductance 
Gm = 1mS, the bias current Iz = 100 uA. The power supply voltages were set at Vpp = —Vss = 5V. The 
theoretical natural frequency from above elemnt values is fj = 159.15 kHz. In this simulation and 
experiment, the amplitude of sinusoidal signal input is 52 mV,_p. 


VD-DIBA 


Figure 4. The VD-DIBA implementation by ICs LT1228 and AD830 


The simulated and experimental result of the frequency responses of the proposed electronically 
controllable filter for LP HP APx and AP» function as illustrated in Figures 5 to 8, respectively compared its 
characteristics with the ideal case and with the measurement results. From these results, it is found that the 
gain-frequency responses of the LP HP APy and AP» function are according to the calculation (3) to (6), 
respectively with an error of about 596. The bode plot of the phase response of LP and HP function as shown 
in Figures 9 and 10, respectively It is found that the phase responses are according to the calculation in (7), 
(8), respectively. The phase responses of APw and AP» functions as shown in Figures 11, 12, respectively. It 
is found that the phase responses are according to the calculation in (9), (10). 


10 Y ————————4 : ————————4 + — 


Gain (dB) 


—k— Theoritical 
15 ---Q--- Simulated 
—Er- Experimented 


it n rois aca aaa 
10° 10° 
Frequency (Hz) 


Figure 5. The result of the gain—frequency responses for the LP 


Int J Elec & Comp Eng, Vol. 12, No. 2, April 2022: 1308-1323 


Int J Elec & Comp Eng ISSN: 2088-8708 C) 1315 


—*— Theoritical 
-O-- Simulated 
—O Experimented 


+40 
10° 10* 10° 10° 


Frequency (Hz) 


Figure 6. The result of the gain—frequency responses for the HP 


Gain (dB) 


-50 
10° 10* 10° 10° 
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Figure 7. The result of the gain—frequency responses for the APN 


10? 10* 10° 10° 


Frequency (Hz) 


Figure 8. The result of the gain—frequency responses for the APP 
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Figure 11. The phase response of the APN 
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Figure 12. The phase response of the APp 


Figure 13 illustrates the simulated of the proposed filter for the percentage of total harmonic 
distortion (%THD) of the output voltage signal, when entering the sine wave 100 kHz to the input and tune 
input voltage 5-100 mV, for the verification of the linearity of the proposed filter. The total harmonic 
distortion of the proposed filter is a lesser 1% the input range of the AP» and APy approximately 68 mV, the 
HP approximately 70 mV and the LP approximately 75 mV. Figure 14(a) illustrates the simulated phase 
property of the APw filtering function when the bias current (Ig) was set to 60 uA, 80 uA, and 100 uA are 
respectively. It can be clearly seen the phase property from simulation agrees well with theoretical 
expectations. Figure 14(b) shows the experimental phase property of the APy function. Figure 15 illustrates 
the output waveforms of the APw filtering function when J, was difference value. It clearly shows that the 
phase of the output waveform can be shifted when a current bias is adjusted. Figure 16(a) illustrates the 
simulation phase property of the AP» function when bias current (I5) was set at 60 uA, 80 uA, and 100 pA, 
respectively. It clearly shows that the simulated phase response agrees reasonably well with theoretical. 
Figure 16(b) illustrates the experimental phase property of the AP» filtering function. It clearly shows that the 
experimental phase response also agrees well with theoretical expectations. Figure 17 shows the output 
waveforms of the AP» function when J, was difference value. It clearly shows that the phase of the output 
waveform can be shifted when a current bias is adjusted. In these results, the phase responses of the AP 
functions were obtained to verify the theoretical analysis in (9) and (10). 


un 


Figure 13. Percent of total harmonic distortion 
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Figure 14. The phase response of the APN when I B was difference value, (a) simulations and 
(b) experimental 


Time (us) 


Figure 15. The result of the simulated transient response of the APn when current bias (I5) are different 


This section presents the results of the effect of temperature variance on the efficiency of the 
proposed filter. Figure 18 shows the result of the simulation of the gain and phase of the APN filter and 
Figure 19 shows the simulation of the gain and phase of the APP filter when various temperatures 3 values 
are 0, 27, and 100 °C. Figure 20(a) shows the measured sinusoidal waveforms of input and output signal for 
the LP function at frequencies 1 kHz, the phase response is 180° degree. Figure 20(b) shows the measured 
sinusoidal waveforms of input and output signal for the HP function at frequencies 700 kH,, the phase 
response is—168.75°. Figures 21(a) and 21(b) show the measured sinusoidal waveforms of input and output 
signal for the APp function with frequencies 8 kHz and 800 kHz, the phase responses are 127.14° and 21° 
respectively. Finally, Figures 21(c)-(d) show the measured sinusoidal waveforms of input and output signal 
for the APy function with frequencies 8 kHz and 8 kHz, the phase responses are —5.75° and —64.28°, 
respectively. 
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Figure 16. The phase response of the APp when I5 was difference value, (a) simulations and 
(b) experimental 
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Figure 18. The result of the simulated the gain and phase of the APN when temperatures are different 
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Figure 20. Measured sinusoidal waveforms V;,, and V}, (a) LP and (b) HP 


(c) (d) 


Figure 21. Measured sinusoidal waveforms Vin and V, of the AP (a) AP» with frequencies 8 kH,, (b) AP» 
with frequencies 800 kH;, (c) APn with frequencies 8 kH;, and (d) APw with frequencies 100 kH, 


4. COMPARED WITH UNIVERSAL FIRST-ORDER FILTERS AND APPLICATION 

From the literature survey, the universal first-order filter using active elements and passive elements 
are has been published. However, the performances of the proposed filters in [7]-[9], [13] contain more than 
one active building block, lack of electronic controllability [9]-[14], [16], [17], output voltage node is not 
low impedance [17], and the proposed filters in [7], [8], [17], [9]-[16] are not verified experimentally. 
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Table 1 show the results of the proposed filter, in comparison with universal first-order filters, evidence 
indicates that the proposed filter matches all the standards in the best way among all other filters. 

In order to demonstrate the advantages of the proposed universal first-order filter, the second-order 
band-reject filter (BR) is realized as an application example. The design of the BR is achieved in Figure 22. 
The BR filter consists of three VD-DIBAs, two capacitors, and five resistors, with three voltage nodes is 
Vinl, Vin2, and Vo. From the proposed BR in Figure 22, the transfer function in the current-mode form of 
BR response can be expressed in (32), the natural frequency can be expressed in (33) and the quality factor 


can be expressed in (34). 


2 m Y. 
S MS Eg 
Vi i maos 2 29m Im 2 
E SETT) (32) 
Where C, = C; = C it is found that the voltage gain of the BR can be controlled via gm3 and R,. 
_ Im 
NURSE (33) 


It is found that the FO from (33) it can be electronically controlled via gm where gg = m2 = Jm. 


E! 
rm (34) 
The workability of the BR filter was verified through the simulation of the PSPICE program. The 
following parameters were used: the resistor R, = Rə = R3 = R4 = R= 1 kN and R; = 50 9, the capacitor 
Cı = C, = C = AnF, the power supply voltages were set at Vpp = —Vss = 5 V. We set bias current (Ig) of 
the VD-DIBA land VD-DIBA2 are 100 uA and the VD-DIBA3 set bias current is 60 uA. Figure 23 shown 
the simulated of BR gain and phase response, the natural frequency (f,) is 160 kHz, and quality factor are 
Q=0.5. Figure 24 shown the simulated gain were controlled by the bias current (/pg4) three values are 


60 uA, 100 uA and 150 uA. It clearly shows that the simulated gain and phase response agrees reasonably 
well with theoretical. 


Table 1. The compared with universal first-order filters 


Reference Numbers of an active element Numbers of R+C Electronic tune Experiment 
[7] Two OTAs 1+1 Yes No 
[8] Two OTAs 4+1 Yes No 
[9] Two CCIIs 4+1 No No 
[10] Sigle CCH 2(grouded)+1 No No 
[11] Sigle DVCC 1+1 No No 
[12] Sigle DVCC 2+1 No No 
[13] Two DVCCs 1+1(grouded) No No 
[14] Sigle DDCC 1+1(grouded) No No 
[15] Sigle DDCCTA 0+1 Yes No 
[16] Sigle FDCCII 1(grouded)+1(grouded) No No 
[17] Sigle VDTA 0+1 No No 
The proposed Sigle VD-DIBA 2+1 Yes Yes 
Vno— v} V} 
C, VD-DIBAI p.d VD-DIBA2 VD-DIBA3 
di - ,"I—1 3 EmA wo Vo 
. —m m 
R, R, + 
R, 
Vi 


Figure 22. The proposed BR filter 
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Figure 23. The result of the simulated gain and phase of the BR function 
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Figure 24. The result of the simulated gain of the BR function when Ip; difference 


5. CONCLUSION 

In this paper, the first-order filter using a single VD-DIBA consisted of two commercial ICs: the 
operational transconductance amplifier, IC number LT1228, and the differential-input buffer, IC number 
AD830, two resistors, and a capacitor is presented. The proposed electronically controllable first order filter 
can provide three voltage-mode first-order functions, all-pass (AP), high-pass (HP) and low-pass (LP) 
functions. The natural frequency (wọ) of the proposed first-order configuration can be electronically 
controlled by changing the DC bias current. The voltage gain of the LP and HP filters can be controllable. 
The phase response of an AP configurations can be varied from 0° to —180? and 180? to 0°. The bandwidth 
of the proposed filter is 28.81 MHz. The power supply voltages were set at +5V. Verification of the 
theoretically described performances of the presented electronically tunable first order universal filter was 
proved by the PSpice simulations and experiment. 
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